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A wind- the1  investigation ha8 been made through a sped  range frm 
a Mach  number  of 0.30 to a Mach  number  of  approximately 0.90 to determine 
the Lateral-control  characterietice-of a 20-percent-chord by 39-percent- 
semispan aileron and a 60-percent-semispan  stepped  spoiler on a semispan- 
wing model  with  aspect  ratio of 3.06 having 31.3O .sweepback of the wing 
leading edge. In addition, the aerodynam€c  characteristice of the plain 
wing were determFned through the  speed range. 

The aileron r o l l i n g  effectiveness  decreased BB the Mach  number 
increased; where&  the spoi ler  rolling-mamsnt  effectiveness  increased  with 
Mach nmber. The increase of rolling-mcanent coefficient  with  spoiler 
projection wa8 nearly  linear  at wing angles of attack of Oo and bo. 

The hinge-mament parameters C b  and Chg (slope of  the  curves of 
?I! 

hinge-mamsnt  coefficltent with wing angle of  attack  and aileron deflection, 
respectively)  were  negative and varied  almost negligibly with variatfon 
of  the  Mach  number. 

- 
m e  hportance of obtaining adeqmte lateral control f o r  airplanes 

incorporating sweptback Uings has led the NACA to engage In an extensive 
program of lateral-control  research on various  aweptback-wing  canfigu- 
ratione. The purposes of  this propam are to determine the characteristics 
of various  lateral-control  devices, to attempt to impove these  charac- 
teristics  where possible by modification  of  these-devlces,  and  to inves- 
tigate wholly new lateral-control  devices. 
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Reported herein are the  results of a lateral-ccmtrol  investigation 
of  a 20-percent-chord by 39-percent-semispan sealed plain  aileron on a 
51.3O Bweptback wing having an aapect ra t io  of 3.06 and a taper  ratio 
of 0.49. The latoral-control  characterist-ics of two stepped spoilers, 
similar t o  spoiler 18 of referenco I, were a l so  Fnvestigated. 

Afleron rollhg-moment, yawing-mamsnt, and hinge-mamont coefficients 
wore determined through a speed range f r a m  a Mack number of 0.30 t o  a 
Mach  number of 0.91 over a range of aileron &flection of approximately &30° 
and a range of wiq 8ngle of attack f'rm app-oximakely -40 t o  16O. Spoiler 
rolling-momnt and yawing-mcaqent caeff  iciente were determined for both 
spoil-er configurations at one spoiler pro;jectlan  through the upeed range 
and at wing angles of attack f'rcm appror-Itely -4O t o  4'. The charac- 
IxriHtics of the mare satisfactory of the two spoiler canfigurations were 
determined through a range of ppoiler  projectiom. 

" 

" 

Tho teats  were mado in  the Langley high-speed 7- by 10-foot  tunnel. 

l l E F I N I T I O N S  AND SYMBOLS 

The forces and moments on the wing are presented about the wind axe8, 
which far the conditions of these tosts (zoro yaw) correspond t o  the 
atability axes. (See fig. 1.)  The axes intersect at a polnt 26.6 inches 
rearward of the lea- eQe of the wing root on the  line of in ter~ect ion 
of the plane of syrmnotry and the chord plane of the mo.del, as shawn in 
figure 2. This corresponds t o  a point 26.2-percent chord rearward of the 
loading edge of the  wing mean aerodynamic  chord, ae also sham in figure 2. 

- .  

" 

" 

The rolling-mcanent and  yawing-mcanent coefficients determined on the 
semispan w i n g  represent  the aerodynermic effecte that occur on a camflete 
wing a8 a roault of deflection of  the aileron or projection of the apoilor 
on only one s d o p a n  of the cmplete wing. The l i f t ,  drag, and pitching- 
mwnt  coofficients dotormined on the semispan wing (with the ailoron or 
upoilor neutral) roprooent those  that occur on a cnmplete wing .  

.. - 
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The  oymbols used in the  presentation of results are as folloml: 

l i f t  coofficiont 

d r a g .  coof f ?c.i?nt 

rolling-mamont coefficient (&) 
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. 
yawing-mnment coefficient &) 

3 

aileron hinge-moment coefficient 
Ha 

x Area mmnt  of aileron rearward of  and about aileron hinge axla 
1 

local wing chord measured in planes p a r d e l  t o  w i n g  plane of 

local wing chard measured in planes  perpendfcular t o  wing 
0.556c -line 

w i n g  mean aerodyndc chord, 2.087 feet 

local aileron chord measured along wlng-chord plane from hinge 
axis  to  trail ing edge of aileron in planes parallel t o  wing 
plane of symmetry 

local aileron chord measured along wing-chord plane f r a n  hinge 
axis of aileron to t ra i l ing edge of aileron In planes 
perpendicular t o  wing 0.556~ line 

twice span of semispan model, 6.066 feet 

lateral  distance from plane of aymmtry, feet 

twice area of semispan model, 12-06 square feet 

rolling mmnt  due t o  aileron  deflection, foot-pounds 

yawing mament due t o  aileron  deflection, foot-pounds 

aileron hinge ament, foot-pound8 

free-stream dpam~" pressure, pomb per square foot 

free-stream  velocity,  feet per second 

maas density of air, slugs per cubic foot 

angle of attack wlth respect t o  chord plane a t  root  of model, degrees 

true aileron  deflection  corrected for deflection under load, 
relative t o  wing-chord plane and measured i n  planes perpen- 
dicular to  aileron hinge axis, degrees 

average t r u e  deflection of aileron pW) throughout Mach  number range 

4 Mach  number 
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The t e s t  data have been corrected for jet-boundary and reflectim- 
plane effects by the method of refareme 2. Cmpreeeibility  effects on 
these jet-boundary and reflection-plane  correctians have  been cansidered 
i n  correcting  the  test  data. Blockage carrectians as determined frm 
reference 3 to. account for  the  constriction  effects of the model on the 
tunnel free-stream flow were also applied. 

Aileron deflecttom have been corrected f o r  deflectian under load, 
and the  aileron and spoiler rolling-mamnt-coefficient data have been 
corrected far the wing twist produced by aileron  deflection or spoiler 
proJectian. 

The cantilever s0mispan eweptback-wing model wa8  mounted in the  tunnel, 
as sham i n  figure 3. The root chord of the model was adjacent t o  the 
cei- of the tunnel, the ce- thereby serving 88 a reflection plane. 
The model wae mounted on the balance  eysthn i n  such a manner that a l l  
forces and moanents acting on the model c d d  be memured. A amKLl clear- 
ance wae maintained between the model and the tunnel. ceiling so that no 
pa r t  of the model came i n  contact wlth the tunnel structure. A small 
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end plate w a ~ ~  attached t o  the root  of the model to deflect the spaTnrlse 
flow of air  that  enters  the tunnel t e s t  section through the  clearance 
hole between tho model and the tunnel ceiling. 

The model used f o r  these  tests wa8 buil t  of aldnum t o  the plan- 
form dimensions aham i n  figure 2. The model had an mpect r a t io  of 3.06, 
a  taper r a t io  of 0.49,  and the  leaung edge of the-model w a s  swept 
back 51.3O. The wing sectione  perpendicular t o  the 35.6-percent-chord 
line were of mACA 65-03.2 airfoil profile. 

The model waa equipped with  a 20-percent-chard by 39-percent-semiepan 
true-contour  sealed plain Etilerm, the outboard ~IXCI of which was located 
6.8 percent of the wing semispan inboard &can the wing t ip.  The aileron 
had a  semicircular no88 and w a s  internally sealed with  plastic-impegnated 
cloth  attached t o  both  the wing and the  aileron nose across the gap ahead 
of the  control-surface nose except a t  the hinge s t a t i m .  Although no 
seal-leakage Illsasurements  were  made, it is believed  that  the seal  was 
fairly ccrmplete.  The aileron hinge mcanents  were memured with an elec- 
t r i c  resistance-type  strain gage. 

The two spoiler configurations  investigated were each camposed of 
six equal-span spoiler segments placed  perpendicular t o  the  free-stream 
air flaw with  the  center of each segment on the wing 0.70~ line. To 
form the t w o  configurations  investigated, the six spoiler segments m r e  
placed f'ram the 0.2% to   the  0. wing statians and f r a m  the 0.3% t o  
the 0-9& wing stations;  these two spoiler arrangements are  hereinafter 

referred t o  as spoiler configuratian 1 and configuration 2, respectively. 
A sketch of  spoiler  configuration 1 is s h m  in figure 4. 

b  b b 

2 

The Mach  number range for the  tes ts  wae f r a m  about M = 0.30 t o  
about M = 0-91, which corresponds t o  a Re;gnolds  nlrmber range *can 
€+q = 4.22 X l o6  t o  Rm = 9-34 X 106 based on a mean a e r o d m - c  chord 
length of 2.087 feet. The variation of R q n o l d s  nmber  with Mach  number 
is shorn in figure 5. 

Wing angle-of-attack t e s t s  with  the  aileron at Sq = Oo were made 
a t  various  constant Mach  numbers through an angle-of-attack range Frau 
approximately -bo t o  wing stall a t  M = 0.30 and t o  approximately 80 a t  
all other Mach numbers. 
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constant  projectiom.  Spoiler  canfiguration 1 was investigated at 
projections -of -E, -1, -2, -3, -5, aTld -7 percent chord; whereas spoiler 
configuration 2 w-aa investigated only a t  a projection of -7 percent chord. 
(Spoiler  'projection is negative when spoiler  projects above  wing  upper 
surface. ) 

1 

The r e m l t s  of the investigation are presented In figures 6 to ll. 

Wing Aerodynamic Characteristics 

Lift characteristics.- The o m 8 8  of lift coefficient  against wing 
angle of attack for all Mach numbers (shown in  fig. 6> were linear 
through the low angle-of -attack range. A t  a Mach  number of 0.30 (the 
only Mach  number . a t  which data wer0 obtained at hi& angles of attack) 
and a W 8O (& Z 0.44) the slop increased  slightly with increaeing 
m&e of attack t o  an @e of attack o f .  about E . 5 O  (C& 0.66) past 
which point the elope Q decreased  continuously t o  mRx-lum lift 
which occurred a t  an angle of attack of about 250 where a l i f t  coeffi- 
cient of z 0.99 w&8 obtained. The conditions for a l if i-force 
break were n o t  reached within  the  limited  angle-of-attack range investi- 
gated a t  the higher Mach numbers. 

The slope  increaaed  with increasing Mach number f r o a n  a value 
of 0.048 a t  M = 0.30 to a value of 0.057 at M = 0.90 88 ahown in 
figure 7. The experimentally determined variation of- & with Mach 
number is compared i n  figure 7 with the theoretical slope % as 
predicted by the method of reference 4. The agreamsnt between the 
experimental and theoretical values of % is cansidered  excellent 
inaamuch as the  discrepancies between the values at Mach nmber are 
w-ithin the experimental accuracy of determining %- The data of 
figure 6 show that the angle of attack for zero l if t  is slightly nega- 
t ive and not  zero as would be expected for a wing wing a s-trical 
a i r f o i l .  T h i s  phenamanon is merely the result of slight misallnament 
of the model and air stream and i n  no way affects  the slope Q 

Drm characteristic.- The drag coefficient, fo r  any C O I l E t m t  l i f t  
coefficient-  (fig. 6) increaeed  with  increasing Mach  number t o  the highest 
speed investigated (M 0.91) but indicated that the  cri t ical  s p e d  of 
the wing near  zero lift WBB not  reached. 

Pitc,hinsr-mament charkcteristics. - For the angle-of-attack range 
wherein lift varied l inear ly  with angle of attack, the pitching-mament 
coefficient  varied almost linearly with angle of attack (or lift 

. 
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coefficient;) BB shown in  figure 6. For the  angle-of-attack range . 

wherein Q increased slightly, the  stability of the wing, as indfcated 
by the slope of the curve of pitchinglncanant coefficient  against l i f t  
coefficient aC&3CL, a l so  increased. A t  a lift coefficient of about 0.66, 
the lift-curve slope,  as  noted  previously,  started t o  decrease and the 
wing  became "table. In the low lift-coefficient range, the  stability 
of the wing increased  slightly with increasing Mach n&Sr. 

Aileron Lateral-Control  Characteristics 

R o l l i n R  mamAnt. - The aileron  rolling  effectfveness general ly increased . 
w i t h  increasing ai leron deflection and decreased with increaahg wing angle 
of attack and/or Mach  nlmnber. (See figs. 8 and 9.) %e decreasing  effec- 
tiveness of the  aileron w i t h  increasing Mach number i s  at variance with 
theory (such 88 the Prandtl-Glauert relatians), which would predict 
increaaing  aileron  effectivenese with increasing Mach nmber, bu.t is i n  
agreement with  the  results obtained for ailerone on same awept wings. 
The discrepancy between theory and experfmental data  apparently results 
frm the  inabflity of the  theory t o  predlct the sKurwfse shif t  in  center 
of pressure of the  flap  load  wlth increasing Mach rimer. 

Since  the foot-pounds of aileron hinge mcanent increaeed  with increasing 
Mach number and the aileran restrainLng mechanism was  sawwhat flexible, 
the  true  deflection of  the aileron 6- decreased with increasing Mach 

0 number. The individual  test-point values of the -nt coefficients pre- 
sented i n  figure 8 are the values for the true aileron  deflection €iq, 
which may vary by as much aa lo f'rm the average deflection Eaave noted 
on the  figure. As a cansequence, crosa p lo t tbg  of. the  data. of figure 8 
against %ave t o  determine the  control parameters and Cz8 

9 %! 
w i l l  result i n  values of these  parmeters  sllghtly higher a t  low Mach 
numbers and lower a t  high Mach numbers than the values presented on 
figure 9 which were determined using the  actual  control-surface  deflections. 

The aileron-effectiveness parameter CzE, w a 8  estimated for this 
1- 

aileron by Method. I of reference 5 ,  and a comparison of the  calculated 
and the experhnentaJ values a t  the minimum Mach number investigated (0.30) 
is sham  in  figure 9. The results agree  within  the accuracy with which 
the experimental values may be determined. 

Yawinu momsnt. - The yawing-mament coefficient f o r  any aileron deflec- 
t ion and wing angle of attack w a s  essentially  unaffected by variation of 
the Mach numljer. (See fig. 8.) The t o t a l  yawinglnment coefficient 
resulting from equal up-and-darn deflection of the aileron waa slightly 
favorable (sign of yawing moment same a~ sign of r o u n  mament) at an 
angle of attack of approxFmately -bo but w a s  adverse at angles of attack 
f: m Oo to 160. The e t u d e  of the adverse yawing-mcanent coefficient 
increa8ed  as the aileron deflection and wing angle of attack increased. 
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Aileron hiacre mnmFmf.s. - The variaticm of ailercm hinge-mamsnt coef- 
f icient with Mach nWer  although inconeistent waa generally smell and, 
for any given wing e of attack and ailerm deflection, was generally 
very nearly linear. See f ig. 8. ) The aileron hinge lncanent param- 
e ter  C b  waa slightly  negative and did not v w  with  increasing Mach 
number. (See fig. 9 ) The parmeter Cu w a s  also negative at all 

Mach  numbers and became anly alightly more negative BB the Mach nu&er 
waa inclneased frm 0.30 t o  0.90. 

"&' 
ap 

Spoiler Latmal-Cantrol Characterletice 

Comparison of spoiler configurations 1 anU 2. - The rolling-mament 
coefficients  for asoi ler  canfigurations 1 and 2 at a  poJectlan of -0.0'7~ 
increased with increasing Mach nmber OT wing angle of attack. (See 
fig. 10.) The results further show that throughout the Mach  number range 
investigated  the spoiler a t .  the Inboard location  (configuration 3) fa 
more effective in producing rolling-mment  coefficient  at a = -4.20 and 0.00 
bvt is less effective  at a = 4.00 than  the  epoiler at the outboard loca- 
tion  (configuration 2) The low-speed spoiler la teral-cantrd  resul ts  
reported in reference 1 shared that throughout the  ccqlete-wing angle-of- 
attack range the spoiler a t  the more inboard location would generally give 
the  highest rollinglnoansnt coefficients. 

The yawing-mamnt coefficients produced by spoiler  configuratlone 1 I 

and 2 were favorable (sign of yaxdng mcBnsnt 88018 as eign of rolling 
moment) throughout the Mach number range and increased i n  absolute 
magnitude 88 the Mach number o r  wing angle of attack  increased- The rat io  
of yawing-mcrment coefficient t o  roIJ-ing-mment coefficient CJCZ 
decreaeea, however, a8 the Mach nmiber increaeed. There wae no cansistent 
trend in the  variation of C,/Cz with variation of the wing angle of 
attack . 

Rolling-mament characteristics of Spoil& configuration 1. - The 
rolling-mcansnt coefficient results presented in figure I l  show that 
spoiler  configuration 1 prodwed favorable roUngPloaaents a t  all spoiler 
projections, angles of attack, and Mach numbers, although the. effective- 
ness a t  mnaU projectians (-0.01~ or less) w a ~  quite small a t  a = -4.2O. 
The rollingmcanent coefficient  increased with increasi~g spoi ler  projec- 
tion, Mach  number, and/or wTng angle of attack. The increase in  rolling- 
moment coefficient with spoiler projection was nearly linear at a = 00 and bo. - 

Yawing-mament characterlatics of spoiler configuration 1.- The yawing- 
mcment coefficients produced by spoiler  canfiguration 1 were fayarable 
throughout, the projection range a t  a l l  Mach nunibere and wing angles of 
attack and generally tended to increase w i t h  increasing Mach  number. The 

1 
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yawing-mament coefficients also increased linearly with  increasing  spoiler 
projectiono There was l i t t l e   e f f ec t  on the  spoiler yawing  moment  of 
variation of w h g  angle of attack. The ra t io  of yawing-mament coefficient 
t o  rouing-maanant coefficient CJCZ was  a-oximateu constant through- 
out the  projection  range for aoy given wlng angle of attack and Mach 
nlnnber but generally tended t o  decrease as either the wing sngle of attack 
or Mach number was increased. 

Camwison of lateral-control  characteristics of the  aileron and 
spoiler canfiauration 1. - Canparism of the aileron lateral-control  data 
of 'figure 8 with tbe lateral-costrol data for spoiler  configuration 1 i n  
figure ll shows that  at  any constant value of spoiler proJection,  the 
rolling-ent coefficient  increased  with Fncreasing Mach  number; whereas, 
a t  any constant value of total equal up-and-dam aileron deflection,  the 
roUlng-mmnt  coefficient decreased with increasing Mach ntndber. This 
effect. of Mach number an the rolling  effectiveness of the  controls w a s  of 
such -tude that with the wing at a = 00 the t o t a l  aileron deflection 
required t o  produce a rolling-moruent coefficient equal t o  that produced by 
the  spoiler  at its maximum projection  (-0.07~)  Increased from 1@ at a 
Mach nmber of 0.30 t o  300 a t  a Mach  number of 0.85. 

The spoiler produced favorable yanlng mamSnts as canpared to   the  
generally  unfavmable' yawhg manents produced by t he  aileron. T h i s  effect, 
i n  conjunction  with  the n w  large negative values of the  stabil i ty 
parameter cz (rolling maanent due t o  'sideslip) for a swept wing, 
wi l l  increase the rolling effectiveness of the spoiler and decrease  the 
rolling effectiveness of the aileron. 

B 

coNcuTsIoNs 

The results of an inveatiga-l;ion a t  high speeb of a semispan-wing 
model with an aspect r a t io  3 and a leading edge swept back 31-30 t o  
determine the wing aerodynamic characteristics and also the  lateral- 
control  characteristics of a partial-span aileron eLnd of a stepped spoiler 
lead t o  the  follaring conclusions: 

1- The slope of the curve of lift c o e f f i c i e ~  against wlng angle of 
attack % increased  with  increasing Mach nlDdber and the  variation was 
i n  excellent agreament with  the  theoretical  variation. 

2. The wing longitudinal  stability, as indicated by the slope of 
the curve of pitching-moment coefficient against lift coefficient m, 
increased  slightly  with  increasing Mach nmiber. - 

3. The wing drag coefficient  increased  slightly with increasing Mach 
nmiber but  the c r i t l ca l  speed of the wing was  not exceeded for any ccanbi- 

number investigated (0.91) . - nation of lift coefficient and Mach number, even at the highest Mach 
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4. The aileron  rolling  effectiveness decreaeed as the wing angle of 
attack and Mach number increased. 

5 -  The t o t a l  yarwingplaansnt coefficient  resulting frm equal up-and- 
down deflection of the aileran was essentially  unaffected by variation 
of the Mach  number, and wa8 generslly adverse (sign of yawing mcnnent 
opposite t o  sign of r-ciUiq mamant). 

6.  The hingeplmnant paramsters C h  and C h  (slope of the curvee 

of hingeplament coefficient  with w i n g  angle of attack and aileroq deflec- 
tion,  respectively) were negative and varied sfmost negligibly  with 
variation of the Mach number. 

% 

7. The Spoiler rollingPMnent  coefficient  increased with increasing 
Mach  number and wing angle of attack wit- the a m l l  angle-of-attack 
range (-bo t o  bo) investigated. The increase of rollinglncnnent coeffi- 
cient with spoiler  wojectian was nearly linear a t  wing angles of attack - 
of 00 and 40. 

8. The yarwinglnamsnt coefficient  resulting f r a m  spoiler projection 
w88 favarable (ai@ of yawing maslent 8- 88 eign of rolling mament) , 
incremed  with increasing spoiler projection, and tended t o  increase 
with  increasing Mach  number. 

Langley Aeronautical Labaratmy 
Batianal Adviamy  Canrmittee for Aeronautics 

Langley Air Force Baae, Va. 
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Mach number, # 

Figure 5.- Variation of ReynolU n-er with Mach nmber Repolder 
numbex+ is based m w i n g  mean aerodynamic chord of 2.087 feet - 
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Figure 6.- W i n g  aercdynamic Characteristics and. aileron hinge-mament 
characteristics with 6 = 0’ for various Mach numbers. 
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-8 0 6. 16 24 32 
Angle o f  a f fack,c ,  deg 

(a) Concluded. 

Figure 6.- Continued. 
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(b) Mach numbers from M = 0.829 to M = 0.913. 

Figure 6.- Continued. 

I 
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-8 0 9 

(b) Concluded. 

FQure 6.- Concluded. - 
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Figure 7.- Pxperlmsntal and theoret ical  variation of the wing l l f " v e  
slope Q w i t h  Mach number. 
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T 3  

(a) a = lC.oo. 

Figure 8.- Variation of aileron lateral-control characteristics with 
Mach number f o r  various.  aileron deflect io-. 
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Figure 8.- Continued. - 
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-3 

Figure 8.- Continued. 
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(a) u = 8.2O. 

Figure 8.- Continued. 
" 
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A"cA flurnber, A' 

(f) a = 16.4 . 
Figure 8.- Concluded. 
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Figure 9.- Var ia t ion  of the aileron l a t e ra ldon t ro l  parmetere C k ,  

c , a n d c  
%aT l8aT 

with Mach number. 

. 



MACA RM L W 6  . 

. 

. 

.3 .4 -5 .6 .7 -8 99 
Mach number, M 

Figure 10.- Effect of spanwlee location of the spoiler on the  variation 
of spoiler roUng;-mnment and yawing+noment coefficients  with Mach 
number and angle of attack. 'Spoiler projection = 4 . 0 7 ~ .  
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Figure ll.- Variation of rolling+noment and yawing+mment coefficient 
with spoiler projectibn for various Mach numbers. Spoiler 
configuration 1. ..,, " .. . . - . . 



. 
/M 

0.30 
-50 
.70 
.80 . 

.65 

""" 

"- 
- " - 
"" 

NACA RM ~ 9 ~ 0 6  I 

(b) u = o.oo. 

Figure 1l.- Continued. - 
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